Protein preparation S2
. Absorbance at 280 nm monitored in size exclusion chromatography with column equilibrated with lysis buffer. The initial separation (red trace) of a partly refolded s10:loop:GFP (~10 μM, 2 mL) was performed to isolate monomer (the fraction in between the two vertical dotted lines in the figure, 11.5~13.5 mL, was taken) from dimer (small peak around 10 mL) and higher order aggregates (in the void volume around 8 mL). The monomer eluate (~5 μM) was diluted down to 1.5 μM, kept in room temperature for two days, and re-applied onto the column giving the chromatogram in the blue trace. Note that the two traces do not share the same ordinate scale.
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Synthetic peptides
Peptides were ordered from Elim Biopharmaceuticals Inc. with >80 % HPLC purity.
Instrumentation and Basic Methods
Fluorescence spectrometer Kinetic measurements involving stopped-flow initiation were performed with a Fluorolog 3 from Jobin Yvon Horiba fluorimeter, and all other fluorescence measurements were done with a LS55 from Perkin Elmer. The excitation slit width of 3~4 nm was used for kinetic measurements, which typically results in 0.5~1 μW·mL -1 irradiation. Lightenhancement of the peptide exchange process was first observed by exciting the 1.3 μM s10 203T •s10:loop:GFP and excess s10 203Y mixture with the maximum excitation slit width (15 nm) at 390 nm, which results in 10~15 μW·mL -1 irradiation and 70-to 80-fold rate enhancement. The enhanced rate did not depend on the excess peptide concentration; presence of 5 μM, 20 μM, and 100 μM s10 203Y resulted in a similar enhanced rate with the same excitation wavelength and intensity. For the equilibrium binding data in Figure 3 , 1 % BSA was used to passivate all plastic surface.
UV-vis spectrometer
A Lambda 25 from Perkin Elmer was used for all absorbance measurements.
Isothermal titration calorimetry (ITC)
VP-ITC from MicroCal was used for all ITC measurements.
Mass spectrometer
A Micromass nanoESI APIUS Quadrupole Time-of-Flight mass spectrometer was used for all protein mass measurements. All samples had the buffer exchanged into double deionized water before being injected into the spectrometer.
Concentration determination
The relative absorbance at 447 nm before and after denaturing the protein in 0.1 M NaOH was used to estimate the extinction coefficient of the protein through the known 447 nm extinction coefficient of the GFP chromophore (44,100 M -1 cm -1 ) in 0.1 M NaOH. 1 The estimated extinction coefficient was then used to determine concentrations. Extinction coefficients of synthetic peptides were estimated by titrating s10:loop:GFP with a peptide to compare the absorbance with concentration at the extrapolated equivalence point. Extinction coefficients for s10 203T and s10 203Y were determined respectively as approximately 1,500 M -1 cm -1 and 3,000 M -1 cm -1 at 280 nm, which are similar to those obtained through calculation (1,490 M -1 cm -1 and 2,980 M -1 cm -1 ) 2 .
Spectral comparison
Absorbance Figure S2 shows the absorbance spectra of proteins purified with anion-exchange chromatography after different stages of processing. It can be seen that losing a covalent bond in the loop has minimal effect on the absorbance, while reassembling the truncated protein with a synthetic peptide slightly increases the intensity of the protonated peak (393 nm for GFP and 396 nm for YFP) relative to the deprotonated peak (467 nm for GFP and 503 nm for YFP) by 5~6 %. This small difference is likely because the native strand 10 carries 21 additional amino acids at the N-terminus including the polyhistidine tag (see sequence below). Figure S2 . Absorbance spectra in lysis buffer. Spectra were normalized to the absorbance at (A) 465 nm or (B) 500 nm.
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Fluorescence
Likewise, when the fluorescence excitation spectra are normalized by concentration, s10:loop:GFP and s10:loop:GFP are indistinguishable (data not shown). However, s10•s10:loop:GFP shows ~20 % decrease in fluorescence quantum yield ( Figure S3 ) while the overall shape of the fluorescence spectra being indistinguishable. Again, this can be accounted for by the absence of 21 amino acids in the synthetic strand. Figure S3 . Fluorescence excitation spectra normalized by concentration. Excitation spectra were scanned while detecting emission at (A) 505 nm or (B) 520 nm. 
Mass spectrometry results
Protein design criteria and amino acid sequences
Proteins were designed based on the sequence of GFP1-10OPT and GFP11M3. 3 The starting point of the s10:loop:GFP circular permutation (L195) was chosen referring to the results reported from studies of circularly permuted superfolder GFPs. 4
s10:loop:GFP and s10:loop:GFP
MGSSHHHHHHSSGLVPGGSHMLPDNHYLSTQTVLSKDPNEGTRGSGSIEGR▼HSGSGSKRDHMVLHEYVN AAGITHGMDELYGGTGGSASQGEELFTGVVPILVELDGDVNGHKFSVRGEGEGDATIGKLTLKFISTTGKLPV PWPTLVTTLSYGVQAFSRYPDHMKRHDFFKSAMPEGYVQERTISFKDDGKYKTRAVVKFEGDTLVNRIELK GTDFKEDGNILGHKLEYNFNSHNVYITADKQKNGIKANFTVRHNVEDGSVQLADHYQQNTPIGDGPVL
The proteolytic cleavage site is indicated by "▼" (observed by mass spec). 
LPDNHYLSYQTVLSKDPNE
Kinetic fit of the peptide exchange process
For the pseudo 1 st order exchange process, a single exponential function c·(1-e -kt ) was fit to the data using c (the asymptotic parameter) and k (the unimolecular rate constant) as fit parameters. However, since the exchange rate in the dark is very slow and the data collection time is limited by protein aggregation and microbial contamination over days at room temperature, it was not possible to collect sufficient data points to be fit with both parameters ( Figure  S4A ). Instead of using both c and k as fit parameters, c was fixed to the calculated equilibrium composition based on K d values measured from the binding titration (~96 % YFP complex ~4 % GFP complex in this particular case), and only k was varied to fit the data. For all light-activated exchange processes, the rate was fast enough to acquire data points that are sufficient to be fit by varying both parameters ( Figure S4B ). The agreement between the fit and the calculated c is good at low intensity light (less than 5 % different up to 17 mW), but the c value tends to be increasingly underestimated (by 11 % with 77 mW) by the fit as the light intensity is increased, probably because of increased photobleaching at higher light intensities. This may also account for the apparently incomplete saturation of the peptide-exchange rate constant in higher light intensity ( Figure 5D ). 
Quantum yield calculation
Light from a 405 nm laser was directed to the 3 mL mixture of 1.3 μM s10 203T •s10:loop:GFP and 30 μM s10 203Y inside a 1 cm pathlength quartz cuvette with constant stirring. The cuvette was placed between the laser and a metallic surface that reflects 67 % of the incident light. The quantum yield for the light enhanced strand exchange was estimated crudely as follows. hotodissociation o determine whether s10 P T 203T •s10:loop:GFP and s10 203Y •s10:loop:GFP undergo photodissociation in the absence of an added replacement strand, that is, whether photodissociation is the elementary step or whether the strand added in excess is contributing, each was irradiated at 405 nm. If photodissociation occurs, the resulting absorbance spectrum would be a linear combination of those of s10:loop:GFP and the complex, which are sufficiently different (Figure 2) , and once the irradiation is stopped, the absorbance and the fluorescence would return to those of the initial complex following the biomolecular association rate that was independently measured. As shown in Figure S5 , the spectrum following irradiation could be expressed as a linear combination of the basis spectra of s10:loop:GFP and the complex, and through the linear fit, the approximate composition of the two species could be obtained. For example, the absorbance spectrum of 550 nM s10 203Y •s10:loop:GFP converges to a certain absorbance spectrum after 15 minutes of 25 mW·mL -1 405nm light irradiation (the spectrum taken after 15 minutes irradiation is nearly identical with the one taken after 30 minutes irradiation). The absorbance taken after 15 minutes of 25 mW·mL -1 405 nm light irradiation could be fit with a linear combination of s10:loop:GFP and s10 203Y •s10:loop:GFP basis spectra with 0.31 and 0.69 weighting factor on each. From the fit, it could be estimated that there is 378 nM (69 % of 550 nM) s10 203Y •s10:loop:GFP at equilibrium. From the peptide exchange rate measurement, the pseudo 1 st order rate constant of YFP to GFP conversion with 25 mW·mL -1 405 nm light irradiation was estimated as 5 × 10 -4 s -1 , and dividing this by the measured association rate of s10 203Y (5658 M -1 s -1 ), a K d of 88 nM is obtained. Concentration of s10 203Y •s10:loop:GFP calculated using this K d is 370 nM (see calculation below), which is only 2 % lower than the value evaluated from the spectral fit. Likewise, the calculation shows good agreement with the fit in the GFP complex dissociation. 
